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Intro: Why is WSGGM important
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A multiple gray gas model – Good compromise between the most 
comprehensive approach (fully addressing wavelength‐dependency 
by dividing the entire spectrum into high‐resolution intervals) and 
the simplest gray assumption (constant properties over the entire 
spectrum); computationally effective; applicable to CFD.
• Energy eq.
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• The Smith et al. (1982) WSGGM – most widely used
• 5 tables for 5 partial pressures of CO2 and H2O vapor:
(1) Pc0 atm;
(2) Pw/Pc=1 (Pc=0.1 atm); 
(3) Pw/Pc=2 (Pc=0.1 atm);
(4) Pw0 atm;
(5) Pw=1 atm;
• used for Tg up to 2400K; supplemented by the Coppalle and 
Vervisch (1983) WSGGM for higher temperatures till 3000K.
Why need new model (1/6): the existing
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• To account for variations in CO2 and H2O vapor 
concentrations in a flame
Why need new model (2/6): the existing
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• Inaccurate. Relatively large error comparing the validated reference model, Exponential 
Wide Band Model (EWBM) – f(Tg, P, L, Xi) – accurate but computationally prohibitive for CFD; 
• Incomplete. (1) In representative conditions, e.g., when (Pw=0.499 Pc)  (Pw=0.501 Pc) which 
corresponds to a negligible change in composition, but the table to calculate the emissivity 
switched from Pc0 to Pw/Pc=1 (a big change in ε); (2) incomplete in parameter ranges
Why need new model (3/6): problems
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Why need new model (4/6): problems
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Why need new model (5/6): problems
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Why need new model (6/6): problems
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The new WSGGM (1/7): How to derive
• Determine 7 representative air‐fuel conditions in terms of Pc, Pw – to 
effectively smoothen the effects of in‐flame gas composition 
variations on the calculated gaseous radiative properties.
• For each condition: use the validated EWBM to generate emissivity 
database, spanning a larger Tg‐range (Tg=500‐3000K, with a smaller 
interval of 25K) and also a larger P∙L range (P∙L=0.001‐60 atm∙m). 
Large emissivity database matrix: 146 discrete values for P∙L times 
101 data points for Tg.
• For each condition: use data‐fitting optimization technique to derive 
new coefficients for a 4‐gray gas plus 1‐clear gas WSGGM from the 
emissivity database. Tref=1200 [K] used to simplify the optimization 
and improve the data‐fitting accuracy.
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The new WSGGM (2/7): Formulation
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The new WSGGM (3/7): Comparison
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The new WSGGM (4/7): Comparison
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The new WSGGM (5/7): Comparison
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The new WSGGM (6/7): Comparison
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The new WSGGM (7/7): How to use
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Demo (1/5): Problem description
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Mesh of the boiler Structured mesh: 3,191,580 high-quality hexahedral cells
Gaseous radiative property Smith et al. (1982) air-fuel WSGGM vs. the new air-fuel WSGGM
Coal and feeding rate Real coal fed into the furnace (with 8.5% moisture) used and
moisture release appropriately addressed
Coal particle trajectories 432,000 coal particle streams tracked
Furnace wall: Tw & εw The same wall emissivity (εw=0.7) used. The same rule for wall
temperature estimation used. (the purpose is to check if the two
WSGGMs make big difference in CFD results)
Other sub-models RNG k-ε; 2-step global mechanism for gas-phase combustion, Eddy
dissipation for turbulence-chemistry interaction; Kinetics/diffusion-
limited char oxidation (into CO); DO for radiation; ………
Demo (2/5): Cases & sub‐models 
Gaseous Radiative Prop. Part-Rad. Inter. Purpose
case-1 Smith et al. (1982) WSGGM Not included case-1 vs. A: to conclude effects of the
refined WSGGM on gas combustion;
case-2 vs. B: to conclude effects of the
refined WSGGM on solid fuel combust.
case-2 Smith et al. (1982) WSGGM Included
case-A Refined WSGGM (via UDF) Not included
case-B Refined WSGGM (via UDF) Included
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Demo (3/5): Novel for BW release
▫ Wet combustion model (e.g., drying in FLUENT)
▫ Complicated particle model using FVM*
▫ NOVEL compromise for BW release
• Bound water (BW) in fuel released with volatiles
• Modified “lumped” volatiles to include BW content, with modified 
formulation enthalpy
• Modified latent heat of devolatilization to include evaporation heat
*: e.g., C. Yin, et al. (2010). “Co‐firing straw with coal in a swirl‐stabilized dual‐feed burner: 
modeling and experimental validation”. Bioresource Technology 2010; 101(11): 4169‐4178.
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1, 2: Smith et al. WSGGM
A, B: the new WSGGM
Demo (4/5): Results
Particle‐radiation: NO Particle‐radiation: YES
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Demo (5/5): Results
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Conclusions
• The new air‐fuel WSGGM is much more accurate & 
complete; can be used alone; applicable to both 
non‐gray and gray calculations.
• The new WSGGM makes distinct difference with the 
existing WSGGMs for gaseous fuel comb. processes.
• Such impacts are greatly compromised under solid‐
fuel combustion scenario because of the important 
role of particle‐radiation interaction.
• The new air‐fuel WSGGM is expected to replace all 
the existing for better CFD in future !
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